Introduction
Nowadays, modern agriculture is facing the problem of land and water degradation, environmental pollution, lowering of water table, and global competition. There is a decrease in factor productivity, development of multinutrient deficiency, build of obnoxious weeds and pests, and increasing cost of production over the last two decades. This means that modern agriculture is now at the crossroads ecologically, economically, technologically, and socially; our present growth rate in agriculture is not keeping pace with the population growth rate. Our greatest living industry is in distress. Increasing the productivity and profitability of small farmers in an economically sustainable manner is the most effective step for reducing poverty and hunger in our country. The major pathway has to be productivity enhancement. Among the various reasons for this alarming situation, physical, chemical, and biological deterioration of soil ranks at the top. Critical analysis of available information shows that problems of degradation of soil health are caused due to imbalanced, inadequate and promacronutrient fertilizer use, inadequate use or no use of organic manures and crop residues, and less use of good quality bio-fertilizers. With intensive cropping, nutrient removal by crops from soil (34 mt) has far exceeded replenishment (18 mt) . Present estimates show a deficit of 16 mt of plant nutrients, which is likely to grow further with intensification in agriculture and increasing soil degradation. The fertilizer consumption ratio of 8.9 : 2.8 : 1.0 as against 4 : 2 : 1 indicates an erratic and imbalanced fertilizer use, causing decline in soil fertility and productivity. The imbalance use of fertilizer has also been responsible for low fertilizer response. Even if, so-called 2 International Journal of Agronomy balanced fertilization emphasis on NPK will not be able to sustain high productivity. Multi-nutrient deficiency including micronutrients is becoming very common. Therefore, there is a need to use all available sources of nutrients to maintain the productivity and fertility at a required level. The degradation of soil fertility owing to over mining of nutrients and inadequate replenishment through fertilizers and other sources can only be curbed through adoption of INM technology. Among the available organic sources of plant nutrients, crop residue is one of the most important sources for supplying nutrients to the crop and for improving soil health. Integrated nutrient management based on low cost and locally available organic sources is more rational, sustainable, and economical. Amongst the nine oilseed crops, sunflower (Helianthus annuus L.) has the potential and can play an important role in meeting out shortage of oilseeds in the country. Sunflower (Helianthus annuus L.) is a nontraditional crop introduced in India during the year 1969. It now occupies an important place in all agroclimatic zones. It holds a great promise because of its short duration, photo insensitivity, and wide adaptability to different agroclimatic regions and soil types. It can be grown at any time of the year and can serve as an ideal crop during the period when the land is otherwise fallow. From the 1500 ha in 1972-73, its area increased to 2.35 mha in 2007-08. Spring sunflower in the north-west part of India has potential to yield 4-6 t/ha crop residue and 2-2.5 t/ha seed yield and it has less water, nutrient, and other input requirement than wheat. This much amount of crop residues is neither used as feed for livestock nor suitable for fuel due to low energy value per unit mass. However, its residue contains major plant nutrients in the range from 0.45 to 0.60% N, 0.15 to 0.22% P, and 1.80 to 1.94% K along with secondary and micronutrients, so recycling of its residue in the soil may be one of the best alternative practices for replenishing the depleted soil fertility and improving the physical, chemical, and biological properties of the soil. Some researchers have reported allelopathic effects of sunflower residue on different crops, which put a question on choice of crop after sunflower and its residue incorporation [1] [2] [3] . Schon and Einhelling [4] demonstrated that incorporation of dried sunflower leaf material into the soil inhibited germination and growth of grain sorghum. Water soluble toxic substances could leak from the plant and from decomposing residue causing allelopathic interference. Leachates from the plants have been shown to suppress seed germination and vegetative propagules and early seedling growth [5, 6] and decrease radicle growth [7] . Aqueous extract of some plants inhibits seedling growth [8] , root and shoot growth [9] , and germination [10] and induces mortality of plants [11] . The effects may be due to a variety of processes that may include reduced cell division in the roots, suppressed hormonal activity, reduced ion uptake, inhibition of protein synthesis, inhibition of photosynthesis and respiration, inhibition of enzyme activity, and reduced cell membrane permeability [12] . During the decomposition of crop residue, several acids and other compounds are released, which affect the soil pH, nutrients availability, microbial population, and enzymatic activities, namely, dehydrogenase and phosphatase in soil.
Effect of Sunflower Residue Recycling on Growth and Yield of Crops
Inhibitory or stimulatory effects of crop residue on germination and establishments of crops caused by residues of either crops or weeds have led to investigation of the release of toxic or growth stimulating compounds from such residues. In this regards, residues of sunflower have been examined for their potential to reduce or stimulate the growth of succeeding crops in a system. Isidron et al. [13] reported that allelochemicals of mature maize foliage had an inhibitory effect on the sunflower, maize, and sorghum. Srisa-Ard [14] also indicated that crop residues derived from roots of both sunflower and soybean plants had significant inhibitory effects on plant height, root dry weight, top growth dry weight, and total dry weight of the sunflower plants. In a bioassay study, Ashrafi et al. [15] reported that sunflower extracts reduced wild barley hypocotyl length, hypocotyl weight, radicle weight, seed germination, and radicle length by as much as 44, 58, 61, 69, and 79%, respectively, when compared with a water control. Increasing the water extract concentrations from 4 to 20/100 mL water of all sunflower parts significantly increased the inhibition of wild barley germination, seedling length, and weight. In Uttaranchal, Pal and Sand [16] reported that the preceding spring sunflower reduced the plant population, dry matter production, and all yield attributes of succeeding crops, that is, rice, maize, soybean, and pigeonpea. In greenhouse studies at Hissar, Narwal et al. [17] reported that among the different parts of sunflower (stem, leaf, inflorescence, and root), stems showed the highest inhibitory effect on the growth and yield of wheat, followed by the roots, leaves, and inflorescences. Increasing doses of sunflower biomass resulted in significant reductions in the seedling growth and yield of wheat. Chlorogenic acid, caffeoylquinic acid, and neochlorogenic acid in sunflower stems at varying concentrations might be responsible for reduced growth and yield in wheat. Similar results with different parts of sunflower residue on different crops in field studies were also reported by several workers ( [12] on Bambara groundnut, [18, 19] on lobia, sorghum, bajra, and maize, [20] on mung bean and pearl millet, [21] on wheat, and [1] on black gram, green gram, red gram, finger millet, pearl millet, maize, sorghum, gingelly, and groundnut). A study conducted by Gill and Sandhu [22] indicated that ground sunflower leaves from a matured crop incorporated into the soil (0.5-2.5% weight/weight basis) decreased sunflower seed germination at all concentrations. However, only concentrations >2% w/w decreased seed germination of the maize, cotton, pigeonpea, soybean, and pearl millet. While the shoot and root growth responses to allelopathic effects were dependent on the species, the adverse effects on growth of all the species were evident at the higher concentrations. Narwal et al. [23] reported that incorporation of wheat straw reduced the growth and yield of succeeding sorghum, pearl millet, maize, cluster bean, and cowpea. In pot studies, Narwal et al. [2, 3] reported that sunflowerinfested soil, that is, from sunflower rhizospheres, inhibits the germination, growth, development, and grain yields and induced seedling mortality of all tested crops (sorghum, pearl International Journal of Agronomy 3 millet, maize, cotton, cowpea, cluster bean, green gram, black gram, soybean, and pigeonpea).
At IARI New Delhi, Rana et al. [24] reported that sunflower as preceding crop caused 51 per cent reduction in the seed yield of chickpea compared to maize as a preceding crop. The yield-reducing effect of sunflower was not observed on wheat and Indian mustard. The adverse effect of complete sunflower residue incorporation on the productivity of succeeding crops was more compared to partial or complete residue removal, but there was gradual improvement in the yield of these crops under complete residue over the years. In the last harvest wheat and Indian mustard gave 3.61 and 1.88 t/ha seed yield under complete residue incorporation which was 13.5 and 13.2 per cent higher than seed yield recorded under complete residue removal. Kaya et al. [25] investigated the effect of biodegradation products of sunflower heads (BPSH) at various concentrations (1.0%, 2.5%, 10%, and 100%) on the seed germination and some growth parameters of rajmash, chickpea, and wheat and reported that the percentage of seed germination and germination index of seeds were similar between the control and 1.0% and 2.5% BPSH groups, but these values decreased at higher concentrations. On the other hand, growth of the seedlings gradually increased up to a concentration of 10% BPSH and decreased at 100% concentration. As a result, at concentrations up to 10% the product was found to be beneficial for growth of plants. Mangare et al. [26] stated that incorporation of sunflower straw along with inorganic fertilizer increased the grain yield of green gram and sunflower as well as straw yield over control. The pooled analysis indicated that the highest grain yield was observed with the application of sunflower straw @ 4 t/ha + 125% N + 100% P of RDF, followed by the application of sunflower straw @ 4 t/ha + 100% of RDF which were found at par with former. The highest benefit cost ratio was obtained with the application of crop residues treatments as compared to control treatment. Badnur et al. [27] also found that sunflower stalks at 5 t/ha + subabul loppings (50 : 50) gave the highest grain yield (1408 kg/ha), followed by recommended rate of fertilizer (1403 kg/ha) and sunflower threshed ear heads at 5 t/ha + 20 kg N/ha (1399 kg/ha). The lowest grain yield (772 kg/ha) was recorded from sunflower stalks at 5 t/ha. Treatment with sunflower threshed ear heads at 5 t/ha and recommended rate of fertilizer recorded the second highest sorghum fodder yield, 3472 and 3135 kg/ha, respectively. Sunflower threshed ear heads at 2.5 t/ha + subabul loppings at 2.5 t/ha (50 : 50), sunflower stalks at 5 t/ha + subabul loppings (50 : 50), and sunflower threshed ear heads at 5 t/ha + 20 kg N/ha resulted in the third highest 1,000-grain weights, 35.86, 35.47 and 35.33 g, respectively.
Effect of Sunflower Residue Recycling on Soil Biological Properties
One of the most important challenges facing humanity today is to conserve/sustain natural resources, including soil and water, for increasing food production while protecting the environment. As the world population grows, stress on natural resources increases, making it difficult to maintain food security. Long-term food security requires a balance between increasing crop production, maintaining soil health and environmental sustainability. Sustainability of agricultural systems has become an important issue all over the world. Many issues of sustainability are related to soil quality and its change with time [28] . According to Doran and Parkin [29] , soil quality is "the capacity of a soil to function within ecosystem boundaries to sustain biological productivity, maintain environmental quality, and promote plant and animal health. " Soil biological activities have been suggested as one of the important indicators of soil quality [30] . Decomposition of plant residues is the microbially mediated progressive breakdown of organic material into C (biomass or CO 2 ) and other nutrients [31] . Crop residues decompose into two distinct phases, an initial rapid phase, in which about 70% of C initially present in the residues is lost as CO 2 , followed by a slower phase during which the more resistant fraction is decomposed [32] . Immature plant residues with a high concentration of water-soluble compounds such as sugars, amino acids, and organic acids are decomposed more rapidly than mature material, which contain a higher proportion of resistant compounds such as cellulose, lignin, phenols, or waxes. Residue factors include chemical composition, C/N ratio, lignin content, and the size of residue particles [33] .
Residue C/N ratio is a common indicator of residue quality but is not necessarily an accurate predictor of decomposition rate [34] . The incorporation of crop residues into the soil modifies its chemical and biochemical properties, including soil-enzyme activity [35] [36] [37] , the behaviour of which has often been related to the amount [38] [39] [40] as well as to the type of organic matter [41, 42] . Soil enzymes play a major role in nutrient availability [43] . In soils, enzymes may be associated with viable cells, dead cells (abiontic enzymes), and cell debris and immobilized enzymes in the soil matrix [44] . Since, soilenzyme systems are associated with organic residue management, the burying of crop residues into the soil not only plays an important role in the soil's chemical and biochemical environment, but also affects the rate at which nutrients become available to crop plants as well as to other forms of life in the soil. Therefore, any management practice that influences the biological populations of soil would be expected to produce changes in soil enzyme activity levels. The effect exerted on soil-dehydrogenase and soil phosphatase depends on the type of crop residues incorporated. Dehydrogenase is considered to play an important role in the initial stages of the oxidation of soil organic matter [45] by transferring hydrogen and electrons from substrates to acceptors. Soil water content and temperature influence the dehydrogenase activity indirectly by affecting the soil oxidation-reduction status [46] . Addition of tobacco and sunflower residues in soil increases the activities of most of the soil enzymes, while tomato residues increased only the amylase and phosphodiesterase activities. As the enzyme activities were positively correlated to each other, a common source of the enzymes is suggested even though the coefficients of correlation demonstrate that only a low percentage of the variability can be ascribed to the interactions among enzyme activities [42] . Soil enzymes are used as biological indices of soil fertility under different tillage practices. Phosphatases are inducible enzymes excreted by plant roots and soil organisms, which can be stimulated 4 International Journal of Agronomy by P starvation. Therefore, phosphatase activity has been regarded as an important factor in maintaining and controlling mineralization rate of soil organic P and a good indicator of P deficiency [47] . The measurements, of phosphatase enzyme activity performed during three years of study, were significantly lower in the soil under winter wheat grown in the conventional-monoculture farming system, in comparison to organic system. The significantly lower phosphatase enzyme activity in monoculture soil was related to lower microbial biomass carbon in the soil compared to organic system [48] . At Hisar, Kaur and Kapoor [49] reported that addition of N to residue to have a C : N ratio of 40 : 1 accelerated residue decomposition. An amount of 61 and 58.7% of incorporated sunflower residues was decomposed in 12 weeks when residues (C : N ratio 73.1) were added at 1.5 and 3.0 t/ha, respectively. The extent of decomposition increased to 66.6 and 61.1% when residues were incorporated at 1.5 and 3.0 t/ha, respectively, along with N application to adjust C : N ratio of residues to 40 : 1. Microbial biomass C increased with residues as well as N application up to 3 weeks and then it declined. Dehydrogenase activity during decomposition of sunflower residues was higher in first week after that it declined. At Akola, Maharashtra, Ravankar et al. [50] reported that incubation of soil with 1% organic residues of cotton stalk, safflower straw, sorghum stubble, soybean stover, wheat straw, sugarcane trash, groundnut husk, sunflower straw, green gram stover, Parthenium with seed, grass complex with seed, and Xanthium with seed mixed showed wide variation in the rate of decomposition, C : N ratio and microbial population at different intervals. Carbon dioxide evolution was maximum during the first 15 days and it decreased thereafter. The rate of decomposition was the highest for groundnut husk as compared to other residues. After incubation for 30 days, the lowest C : N ratio was observed in grass complex. Fungal, bacterial, and actinomycetes populations increased at 30 days of incubation. Bacteria were predominant over fungi and actinomycetes.
Effect of Sunflower Residue Recycling on Soil Chemical Properties
A good account of work has been done on the use of crop residue to supplement the nutrient requirement of cropping system and to improve soil health. Sharma et al. [51] stated that nutrient-rich residues of the castor and sunflower are mostly burnt because of their high C/N ratio. These high C/N ratio residues can be recycled successfully, if they are supplemented with other low C/N-ratio farm-based organics and some chemical additives. Application of crop residues with a high C : N ratio often leads to adverse impacts on available N in soil and growth of crops planted immediately after crop residue incorporation. A large number of organic compounds, particularly phenolic acid and acetic acid, are released during the decomposition of crop residues. The application of crop residues can cause short-term immobilization of both P and S, particularly in aerobic soils.
Crop residues contain large amounts of K, which upon incorporation increased K availability in soil and helped to reduce K depletion from nonexchangeable K fraction of soil.
Long-term application of crop residues increased the organic matter, total N content, and availability of several nutrients in soils. The rate of increase in soil organic matter is low due to high turnover rates of C under tropical conditions. The increase in soil organic matter levels due to crop residue recycling was determined by the duration, amount, and quality of residue, soil type, climatic conditions, and cropping system followed. Crop residues influence the chemical and biological properties of the soil [52] . Ordonez-Fernandez et al. [53] conducted a field experiment in southern Spain and reported that the pea residue supplied the highest amount of nitrogen to the soil throughout its decomposition cycle; it lost 76.6% of its initial content in nitrogen, compared to the 48 and 56% of N released by wheat residues and sunflower, respectively. At the beginning of its decomposition cycle, the wheat residue had the lowest mass and gave the most cover, with values of 65%, which was 8.6% and 20.2% more than the cover estimated for the pea and sunflower residues, respectively. The sunflower residue lasted longest, only losing 18% of its initial cover over 109 days of decomposition, compared to 47% of wheat and 53% for pea. The amount of carbon released was similar for the three residues and was around 500 kg/ha. Corbeels et al. [54] studied the C mineralization and N transformations during the decomposition of sunflower stalks and wheat straw with and without addition of (NH 4 ) 2 SO 4 in a Vertisol. Soil samples were incubated under aerobic conditions for 224 days at 22 ∘ C. The plant residues were added at a rate of 5.2 g/kg soil. Nitrogen was applied at a rate of 50.7 mg N/kg soil. Gross N immobilization and mineralization were calculated on the basis of the isotopic dilution technique. At the end of the incubation period a 15 N balance was established. Respectively, 68 and 45% of the applied residue-C mineralized from the sunflower stalks and wheat straw after 224 days. Both crop residues caused losses of up to 25% of added 15 N after 224 days of incubation. These 15 N losses were about three times larger than in the control soil and were probably due to denitrification. The net immobilization of soil derived N following residue incorporation was the largest in the case of wheat straw, depleting all soil inorganic N. In the wheat straw treatment with added (NH 4 ) 2 SO 4 soil inorganic N remained available, resulting in an enhanced initial C mineralization and N immobilization compared to the treatment without added N. In the case of the sunflower stalks, the high inorganic N content of the stalks suppressed the effects of N addition on C mineralization and N immobilization/mineralization. Gross N immobilization amounted to 31.9 and 28.2 mg N/g added C after 14 days for wheat straw and sunflower stalks, respectively. At the end of the incubation, about 35% of the newly immobilized N was remineralized in both plant residue treatments. Gross N immobilization plotted against decomposed C suggests that fairly uniform C-N relationships exist during the decomposition of divers C substrates. Immobilization of available N and P during initial phase of decomposition of sunflower residue was also reported by Kaur and Kapoor [49] . Decreases in Olsen-P in soil due to incorporation of organic manure and crop residues having wider C : N ratio were also reported by Jalali [55] . In laboratory conditions, Das et al. [56] reported that International Journal of Agronomy 5 incorporation of loppings of perennial pigeonpea, sorghum stover, and FYM caused initial immobilization of P. However, no P immobilization was observed with mung bean, Leucaena residues, and groundnut shells at 0.5 FC. At FC, none of the residues caused immobilization. The quantity of P released was significantly related to the amount of P added through residues. In contrast, Das and Puste [57] showed that the amounts of ammoniacal-N (NH 4 -N), nitrate-N (NO 3 -N), hydrolysable N (HL-N), and nonhydrolysable (NHL-N) were increased for up to 60 days of soil submergence and increased further with the increase (1% by weight of soil) of various organic waste materials like crop residues, welldecomposed cow dung, composts, and other rural and urban wastes application. Similarly, Raut et al. [58] in his study showed that incorporation of sunflower straw @ 4 t/ha + RDF @ (125% N + 100% P) in green gram recorded significantly higher soil nitrogen, phosphorus, and potassium content in green gram-sunflower sequence. Content of micronutrient (Zn, Fe, Cu, Mn, B, and Mo) including sulphur was also maximum with the incorporation of sunflower straw @ 4 t/ha + RDF @ (125% N + 100% P) in green gram. Similar results were obtained by Santamaría et al. [59] with the incorporation of sunflower hulls, a residue of oil industries, in the upper layer of soil as organic amendment. In contrast, Jalali and Ranjbar [60] observed that the rates of P release of the residues (sunflower and wheat) were considerably higher during the first 4 weeks of incubation than during the second phase of incubation (weeks 5-12). Phosphorus release by residues was similar to the decomposition pattern. They also opined that residue P content was correlated with P release, but not with decomposition rate. Gong et al. [61] reported that sunflower oil residue incorporation in soil decreases the soil pH. In another study Badnur et al. [27] reported that incorporation of sunflower residues either with subabul loppings or inorganic N recorded higher available nutrients than incorporation of sunflower residues alone. However, available N and K were highest with sunflower threshed ear heads at 2.5 t/ha + subabul loppings @ 2.5 t/ha (50 : 50), (222 and 450 kg/ha, resp.), while available P was highest upon treatment with sunflower stalks at 5 t/ha + subabul loppings (50 : 50), (24.7 kg/ha). In maize-wheat cropping system at Kanpur, Prasad et al. [62] found that application of FYM and gypsum reduced soil pH by 0. 38 49.7, 34.9 , and 20.5%, and available K by 11.7, 6.9, and 2.6%, respectively. The nutrients release from decomposing residues of rape, sunflower, and soybean in amended soil under laboratory condition was investigated by Scagnozzi et al. [63] at Pisa, Italy, and reported that total N, available P, exchangeable K + , Ca 2+ , and Mg 2+ in all the amended samples increased significantly. Generally, the increase in the amounts of these nutrients was maintained until the end of the incubation period; the mineralization of the three crop residues enhanced soil fertility. In amended soil samples, NH 4 -N disappeared within 14 days, while available N was released as NO 3 -N after 60 days in soybean-treated and after 120 days in rape-and sunflower-treated soil, respectively.
Batish et al. [18, 19] conducted an experiment to investigate the effect of residues of the noxious weed Parthenium hysterophorus in soil as well as under laboratory conditions. Soils were infested with different amounts of Parthenium hysterophorus residues to determine the changes in soil chemistry and revealed that the pH of all the modified soils decreased, whereas the conductivity, organic carbon, and organic matter increased. The amount of sodium and potassium increased, whereas that of zinc decreased. In the soil infested with 4 g of Parthenium hysterophorus residue, the amount of available nitrogen decreased. Paul et al. [64] summarized that the addition of plant residue in soil results in a rapid (days 0-7) increase of soil pH due to the association, and particularly oxidation, of added organic anions. This was followed by a gradual (days 7-119) pH decline attributed to the mineralization and subsequent nitrification of added organic N. The addition of 12.5-25.0 g of cereal crop residues/kg of soil and 6.25-25.0 g of legume-based pasture residues/kg of soil resulted in a net alkalization of the surface 2.5 cm of soil. The magnitude of such gradients will be particularly large with the return of large quantities of plant residues of high ash alkalinity in soils of relatively low initial pH and biological activity, and when the surface of the soil is exposed to moistdry cycles.
Conclusion
A review of the literature clearly indicates that sunflower residue incorporation had the adverse effect on crops due its allelocompounds and reduced the growth and yield. Sunflower residue is usually considered a problem but when managed correctly it can improve soil organic matter dynamics and nutrient cycling, thereby creating a rather favorable environment for plant growth on long-term basis. Sunflower residue contains large quantities of nutrients, and thus the return of sunflower stover to the soil can save a considerable quantity of fertilizers. So, on the basis of the above review it can be concluded that recycling of sunflower residue improves the soil biological, chemical, and physical properties, which may enhance the agricultural sustainability in the near future.
